The determination of the optimal purchasing strategy in enterprise that is a part of global supply chain could be performed in two steps. In step one, a classification of potential suppliers is performed in order to determine the optimal portfolio of suppliers. This is delivered by using the fuzzy multicriteria proposed ABC classification method. Uncertainties in relative importance of criteria and their values are described by linguistic expressions. Modelling of linguistic expressions is based on the fuzzy sets theory. In the second step, ranking of optimal portfolio of suppliers is performed by using the modified ELECTRE method. The obtained results represent valuable input for determining the long time purchasing strategy and building partnership with the best suppliers. The developed two-step model is verified on real life data. The obtained results indicate good compliance with the opinions management in this type of industry. It is worth to mention that the proposed model can be easily extended and adopted to the analysis of other issues of management which could be applicable in different research areas.
Introduction
During the usual activities in enterprises, many products and services originated out of enterprise are used. In that manner, the organization should ensure that purchased and used products and services conform to specified requirements [1] . In compliance with that, an organization shall establish and apply criteria for evaluation, selection, and monitoring of performance and reevaluate suppliers (external providers). On the other hand, distribution and procurement, in the same time, are usually based on complex procedures, involving many management and control functions at various levels. Strategies for better supply management must promote an effective and appropriate products and services supply, providing products and services in requested quantities, just in time, and yet the inventory costs have to be as low as possible. Development of supply policy and appropriate strategy have to be defined on the enterprise level or on the level of the whole supply chain which is a complex problem.
Recent work majorly focuses on analytical and decision modelling [2] for supplier selection, as well as on supplier development [3] . Development of sophisticated models for optimal supplier selection strategy [4] for different kind of products requires time, effort, and resources which lead to an increase in inventory control costs and to an increase in total costs, too. In order to decrease inventory control costs, in practice, the first important step is to perform the classification of potential suppliers into classes in compliance with their ability to provide processes or products and services in accordance with specified requirements. Based on the suppliers classification results, management defines appropriate ways to manage and control specific suppliers and rank them for cooperation and building partner connections. Building partnership should be based on obtaining respect and trust with mutual benefit [5] .
In practice, one of the widely used techniques for classification of different items into classes (applicable to the classification of suppliers, too) is the ABC method which is based on Pareto analysis [6] . This method is easy to understand and use in practice since, in the conventional ABC classification method, inventory items are divided into three classes A, B, and C. The values of deterministic classification criteria are classified into descending row. As it is known, 5-10% 2 Mathematical Problems in Engineering of analysed inventory items ranked at first place belong to group A, next 15% correspond to group B, and the rest of inventory items correspond to group C. Selection of the classification criterion depends on the kind of problem being considered. The issue of selection of suppliers may be stated as a multicriteria optimization task. In literature, there is a lot of papers that employ different methods for ranking and assessment of suppliers. The most used methods are Analytical Hierarchy Process (AHP) [7] , Technique for Order of Preference by Similarity to Ideal Solution (TOPSIS) [8] , ELimination Et Choix Traduisant la REalité (ELECTRE) [9] , or combination of two or more methods [10] . In compliance with the rank of suppliers, decision makers may choose the most suitable suppliers work building partnership relations.
The conventional ABC methodology may sometimes not be appropriate to provide a good classification of inventory items in practice [11] . If there is a need to make the classification more sophisticated, more than one classification criterion and imprecise data about items have to be used. The classification task becomes a multicriteria classification problem in the presence of uncertainty.
In this paper, the authors focus on the supplier classification in global supply chain, where number of suppliers is large due to demands of global market. The number and types of the selection criteria are not clearly defined in the literature and there are no specific guidelines that treat this issue. The specificity of construction industry products, their variable demand over time and, in particular, high cost indicate the importance of suppliers' classification problem. A new fuzzy multicriteria ABC model for classification of suppliers in construction industry is proposed. Three eliminatory criteria are selected to make a base of potential suppliers: (1) customer care, (2) quality (ratio between price and specific performances of products), and (3) delivery method (ratio between costs and delivery rate).
The objective of paper is to define the appropriate purchasing strategy in the global supply chain through two steps: (1) classification of a large number of potential suppliers by applying proposed fuzzy multicriteria ABC; (2) the ranking of classified A group of suppliers (optimal portfolio of suppliers) by using the proposed model consisted from fuzzy AHP and fuzzy ELECTRE methods. For the classification problem, the proposed fuzzy multicriteria ABC methodology is suitable since it treats uncertain criteria in appropriate way and it is easy and suitable for usage leading to determination of optimal portfolio of suppliers. This optimal portfolio of suppliers consisted of those who are suitable for further selection of the group that will be used for building partnership. The methods of multicriteria decision making methods, fuzzy AHP and fuzzy ELECTRE, are used for ranking of selected suppliers. In this manner, resources such as time and costs of defining appropriate supply strategy may be reduced significantly and in the same time, effectiveness of supply process is increased. In the final consequence, this should lead to increase effectiveness of all business processes in global supply chain.
Each of three considered criteria is described by using linguistic expressions specified by enterprise management team. These linguistic expressions are modelled using triangular fuzzy numbers by analogy to Aleksić et al., [12] . Uncertainty in criteria values used in supplier classification are modelled by fuzzy sets [13] [14] [15] . The motivation for using this methodology came from its suitability for handling imprecise and ambiguous data, and it supports usage of decision making methods which operate with such data. It may be said that fuzzy sets theory resembles the human reasoning in its use of approximate information and uncertainty to generate decisions [16] . In this manner, fuzzy sets have several advantages over theories that treat similar problems: (a) they are based on a natural language, (b) they are conceptually easy to understand, (c) they could be combined with conventional methods and techniques for dealing and reasoning with uncertain data, and (d) they can capture most nonlinear relations in problems of arbitrary complexity [17] .
The paper is organized in the following way. The literature review is given in Section 2. Section 3 presents evaluation framework and modelling of uncertainties. In Section 4, the proposed algorithm is presented. Section 5 is used for the verification of the model using an illustrative example. Conclusions are presented in Section 6.
Literature Review
A number of papers presented in the literature were dealing with the problem of items classification in uncertain environments for inventory control purposes and proposed fuzzy multicriteria ABC classification approaches after realizing the importance of considering multiple criteria in the ABC analysis [18] . In addition to the overall cost, some other criteria, such as lead time, inventory holding cost, limitation of the warehouse space, and order cost, were recognized as being important for items classification.
In the literature, as well as in the practice, determination of the optimal portfolio of suppliers is based on mathematical models. Possibly, there may be a lot of potential suppliers so in the first step, the eliminatory criteria should be applied. Building partners' relations with suppliers should be performed after the portfolio of suitable suppliers is generated. However, there is no wide literature which considers supplier selection when there is large number of potential suppliers.
Techniques of artificial intelligence such as backpropagation networks, support vector machines, and -nearest neighbors may be used for ABC inventory classification, taking into account several criteria [19] . Also, ABC classification may be supported by using different methods such as Analytic Hierarchy Process and Data Envelopment Analysis [20] . In some cases, existing models may be analysed and improved, such as extension of the Ng-model for multicriteria inventory ABC classification [20] . In this way, classification may be performed by respect to multicriteria and their weights, simultaneously. The criteria weights may be obtained by using DEA [20] . If criteria are uncertain, such as the fact that demand frequency and costs are in focus, fuzzy ABC model for classification of items according to their value may be applied [21] . As the values of classification criteria are uncertain, they may be described by triangular fuzzy numbers [15] and may be aggregated into one by multiplying two corresponding criteria values. In this way, value of aggregated classification criteria is described by fuzzy number which may be defuzzified and classification may be performed by application of conventional ABC. In a case of existing variables with either nominal or nonnominal values and incorporated management experience and judgment, a fuzzy rule based approach to ABC classification may be applied [22] .
The values of the treated classification items should be ranked according to the value of classification criterion in monotonically decreasing string. Typically, items of class A represent about 5-10% of the total number of items; approximately next 15% of items correspond to the group B and the rest of the items belong to the group C. The items of class A are the most significant in the treated issue respecting the classification criteria. In treated problem of suppliers' selection, ABC method may be deployed for determining optimal portfolio of suppliers (classified A group of suppliers). Optimal portfolio of suppliers should be ranked in order to propose optimal purchasing strategy through building potential partnership with the best ranked suppliers. Optimal portfolio of suppliers may be ranked by applying different supplier selection models [23] . Amongst many methodologies, ELECTRE may be seen as a proven asset for multicriteria decision analysis finding applications in wide scientific fields [24] . When the issue of supplier selection is in focus, the determination of preference of alternatives may be set as a group decision making problem [25] . ELECTRE method may be used for dealing with multicriteria decision problems such as determination of master contractor when there are several subcontractors [26] . In this case, index of preference is modified and it is calculated as a product of fuzzy triangular numbers. ELECTRE may be modified in way that the value of criteria for each supplier may be assessed by three decision makers whose assessments are modelled by fuzzy numbers [27] . In this proposed fuzzy ELECTRE, Hamming distance is used for comparing the suppliers on the treated criteria.
In compliance with the results of good practice, it may be noticed that the evaluation criteria used for the supplier selection often do not have the same relative importance. The relative importance does not depend on supplier and it is not subordinated to change over time. Usually decision makers deliver better opinions by using linguistic expressions than precise numbers. It may be suggested that it is closer to human thinking to compare relative importance of each pair of criteria than to perform direct assessment. Respecting these facts, many authors determine relative importance through the fuzzy AHP framework [28] . Handling of uncertainties may be performed by using extent analysis [29] .
Evaluation Framework and Modelling of Uncertainties
Step 1. Potential suppliers may be formally presented as a set of indices = {1, . . . , , . . . , } where is the total number of suppliers and is the index of the possible supplier. In this case, a set of suppliers is defined according to results of good practice.
Step 2. Evaluation criteria are presented by set of indices = {1, . . . , , . . . , }, where is the total number of criteria and is index of criterion. The number and type of criteria are defined by the management team based on the experience, the results of benchmarking, and current information about suppliers which are presented in reports.
Step 3. Management team of the enterprise is formally presented by set of indices = {1, . . . , , . . . , }, where is the total number of the decision makers and is the index of decision maker. In the considered problem, the management team of treated enterprise which exists within the global supply chain consisted of purchasing manager, main manager, plant manager, and financial manager. It may be assumed that the decision makers have different importance for evaluation and selection of suppliers' problem. The decision maker's weight is denoted as , = 1, . . . , . These weights are given with respect to the results of good practice. For considered problem, the weights of decision makers are 0.3, 0.3, 0.2, and 0.2, respectively.
Step 4. The relative importance of each pair of criteria is assessed by each decision maker. The decision maker uses predefined linguistic expressions which are modelled by triangular fuzzy numbers (TFNs). The aggregated values of the fuzzy pairwise matrix of the relative importance of criteria are calculated by using Fuzzy Averaging Ordered Method (FOWA) [30] . The weights vector is given by extent analyses method [29] . The criteria weights are described by precise values.
Step 5. The possible suppliers should be evaluated according to the predefined period of time. Usually, it is a period of one year. In general, the time period is divided into small time intervals. In other words, the assessment of suppliers is performed in discreet time periods. Time period is presented by set of indices = {1, . . . , , . . . , }, where is the total number of discretized intervals and is the index of time interval.
Step 6. The criterion value for supplier is assessed by each decision maker for each time period . Decision makers use predefined linguistic expressions which are modelled by TFNs. The aggregated values of criteria values for suppliers over time period are given by using fuzzy averaging method.
Step 7. The crisp values of decision matrix are given by applying moment method [15] .
Step 8. Classification of possible suppliers with respect to all criteria and their weights is performed by the proposed ABC model.
Step 9. Fuzzy decision matrix of suppliers which belong to group A is stated. The rank of these suppliers is determined by fuzzy ELECTRE method.
Modelling of Uncertainties.
Rating of the relative importance of evaluation criteria and their values are based on uncertain and imprecise knowledge of decision makers. Modelling of these uncertainties is based on fuzzy set theory [13, 15] which is a suitable mathematical tool for presenting uncertain numbers in quantitative way. Fuzzy set is defined by its membership function which can be obtained in different ways [14] . The uncertainties which exist in real problems are often modelled by TFNs because they offer a good compromise between descriptive power and computational simplicity. The number of TFNs assigned to the uncertainties into the relative importance of criteria and criteria values is defined by management team of global supply chain. The domain of defined TFNs is defined on the real line which belong to different intervals. In the literature, there are no rules or suggestions on how to determine the domain and granularity of fuzzy numbers. The domains of these TFNs are defined real line into interval [1, 5] . The value 1 denotes that criterion over criterion has equal importance. Value 5 means that the relative importance of criterion over criterion has the most importance.
If the strong relative importance of criterion over criterion holds, then the pairwise comparison scale can be represented by the fuzzy number̃= (̃) 
Modelling of Criteria

The Proposed Algorithm
The algorithm of the proposed model is presented as follows.
Step 1. Fuzzy assessment of the relative importance of each criteria pair is presented in matrix form:
Step 2. The aggregated value of each pair of criteria is calculated:̃=
The fuzzy pairwise comparison matrix of the relative importance of criteria is constructed:
The weights vector is determined by using the concept of extent analysis [29] which is presented in the following manner. The value of fuzzy synthetic extent , with respect to the th criterion, is defined as follows:
The weights vector is represented as follows:
The measure of belief according to which TFN,̃, is bigger than all other TFNs̃, is denoted as Bel(̃). This value is obtained by applying the method for fuzzy numbers comparison [31, 32] . These values are crisp. The normalized weights vector is given by using linear normalization procedure for benefit type criteria [33] .
Step 3. The fuzzy rating of criterion , for each supplier at the time interval level , is performed by each decision maker. These values are presented by TFNs,Ṽ .
Step 4. The value of criterion for each supplier for the whole time period,Ṽ , is obtained by using the fuzzy averaging method:Ṽ
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Step 5. The weighted fuzzy criterion value,̃, is calculated as follows:̃= ⋅Ṽ .
Step 6. The class A of items is determined as follows. Class A contains suppliers that have high rated criteria customer care, quality, and delivery method. The highest values of identified criteria are represented by crisp values, 1 , 2 , 3 , respectively. According to fuzzy algebra rules, these crisp values should be represented by TFNs: ( 1 , 1),  ( 2 , 1), and ( 3 , 1) , respectively. In order to determine whether a supplier belongs to class A, the Euclidian distance of supplier , = 1, . . . , , represented by (̃1,̃2,̃3), from the highest criteria values is calculated as follows:
As̃are fuzzy numbers, their distance to ref is also a fuzzy number. The supports of fuzzy numbers dist( , ref ) can be described in discrete forms by discrete with membership degree min =1,..., (̃( )).
Once, the distances of all possible suppliers from ref are calculated, they are ranked in the ascending order. The first 5-10% of the corresponding ranked suppliers are classified into class A.
Step 7. The class C of items is determined as follows.
Suppliers that have low criteria values belong to class C. The reference point ref is defined as the arranged triplet crisp values (0, 0, 0), for care about clients, quality, and delivery method.
The weighted ref is also represented as arranged triplet (0, 0, 0). Similarly, as in the previous step, a fuzzy distance between supplier , = 1, . . . , , and weighted ref is calculated as follows:
The distances have to be ranked in the ascending order. The first 80% distances correspond to suppliers which belong to class C.
Step 8. Suppliers that are not classified either into class A or into class C form class B.
Step 9. The weighted decision matrix for suppliers from class of A is constructed.
Step 10. The sets of concordance , and the sets of discordance , are determined in the following way. If̃≥ , ( , = 1, . . . , 1 ) then criteria belongs to the set of concordance. The total number of suppliers of class A is denoted as 1 , 1 ≤ . If̃<̃( , = 1, . . . , 1 ) then criterion belongs to the set of disordinance. The fuzzy numbers,̃,̃, are compared by using method which is developed in [31, 32] .
Step 11. Construction of concordance matrix, = [ ] × , and discordance matrix, = [ ] × , is performed, where
where (̃,̃) is distance between two fuzzy numbers which is obtained by applying vertex method [34] :
Mean value of concordance coefficient , and coefficient of discordance, , is obtained according to the following expressions:
Step 12. The concordance matrix should be generated, = [ ] × . Elements of this matrix are determined by the following rules: (i) Elements on the main diagonal are not defined.
(ii) = 0 for those pair of alternatives ( , ), where < ∨ > .
(iii) = 1 for those pair of alternatives ( , ), where ≥ ∧ ≤ .
Step 13. Rank of suppliers of group A with respect to all criteria and their weights is determined according to the concordance matrix. The best supplier is one with greatest number in the concordance matrix.
Illustrative Example
Illustrative example is presented as a verification for the proposed model. The large group of potential suppliers is analysed for the ABC classification since all of suppliers could deliver needed products and they are geographically distributed all over the world. It is worth to mention that analysed enterprise is performing suppliers' selection in building and civil engineering industry. . (16) By applying the procedure developed by Chang [29] , the normalized weights vector is = (0.22, 0.47, 0.31). By applying the proposed algorithm (Steps 3-5), the results are obtained and presented in Table 1 .
According to Step 6 of the proposed algorithm the rank of suppliers is obtained and presented in Table 2 .
Ranked suppliers classified into class A are ( = 2), ( = 1), ( = 41), and ( = 36).
According to Step 7 of the proposed algorithm the rank of suppliers is obtained and presented in Table 3 . The rest of suppliers belong to class B (Step 8 of the proposed algorithm). These suppliers are ( = 5), ( = 9), ( = 32), and ( = 25).
The fuzzy weighted decision matrix is constructed (Step 10 of the proposed algorithm) and presented in Table 4 .
The sets of concordance and sets of discordance are (Step 10 of the proposed algorithm):
According to
Step 11 of the proposed algorithm, the matrix of concordance and the matrix of discordance may be presented in the following way: 
The value of discordance matrix element (see (11) 
8 Mathematical Problems in Engineering Table 2 : Rank suppliers from refA. Table 3 : Rank suppliers from refC. 
The values of discordance matrix are calculated in same way.
The matrix of discordance is as follows: 
The mean value of concordance coefficient and coefficient of disconcordance are calculated in the following way (see (13) 
The matrix of consistent domination is obtained according to
Step 12 of the proposed algorithm, such as
The rank of suppliers of group A is given by using procedure (Step 13 of the proposed algorithm). The obtained rank is presented in Table 5 .
Discussion.
There are no specific guidelines for determining the classification criteria in suppliers' selection problem so these criteria vary in different economy branches. In this paper, three eliminatory criteria are chosen based on the results of good practice in order to make a base of potential suppliers. The analysed criteria are (1) customer care, (2) quality (ratio between price and specific performances of products), and (3) delivery method (ratio between costs and delivery rate). In global supply chains there is large number of potential suppliers so determining the optimal portfolio of suppliers is very important task since it may save time, decrease costs, and provide input for defining optimal supply strategy. Comparing this model to application of developed ABC models [19, 21] , it may be stated that main implication of this model is using the new approach in classification to determine A and C class. The proposed model takes into account the type of criteria for suppliers selection so it may be assumed that it represents its main advantage. Based on the obtained ranking results by applying the modified ELECTRE method (see Table 5 ), it may be concluded that suppliers ( = 41) and ( = 36) have the same importance for the treated enterprise as a part of global supply chain. With respect to the obtained result, the management team may define different supply strategy for short-time period (one year), such as exclusive purchasing form one of the selected suppliers. The selection of adequate purchasing strategy has a crucial influence on profit of enterprise within global supply chain, as well as on its market position.
In the same time, the obtained results present input data for development of the methodology for selecting suppliers in different environment, supply conditions, and external circumstances. This methodology should include various aspects of technical, economic, social, organizational, market-oriented, and environmental character. By using the mentioned methodology, management team can choose the best supplier that is suitable for building long-term and stable cooperation. This cooperation can potentially include providing capabilities for innovation and development, reliability in other partnerships, preparedness to share risk, and profit with the company.
The proposed model is focused on the real-world situation in domain determining short-time and long-time purchasing strategy. With regard to paper which treats the problem of supplier assessment and which can be found in the literature, this paper pioneers the application of classification for building optimal portfolio of suppliers and their ranking and selection within the supply chain management.
Research implications of this paper may be presented as a comparison with similar papers that have used ELECTRE method for solving similar problems as well as with papers that have used ABC classification. The weight of criteria and preference rating can be stated as fuzzy group decision making problems.
Aggregation of relative weights of criteria importance is performed by using FOWA operator comparing it to procedure proposed by Marbini and Tavana [27] or procedure proposed by Alencar et al., [25] . In practice, it is reasonable to expect that decision makers have different weights so FOWA operator seems to be more suitable. The time interval for assessment of preference rating is divided in sub-time intervals compared to other models where an assessment is performed during the whole time interval [25, 27] . It is known that it is more precise to make assessment in shorter time interval.
Conclusion
Quick and continuous changes occurring in the business environment lead to opening issues in the organization and adaptation in different type of industries. One of the most important management tasks is determining of purchasing strategy, for the short-time and long-time period, respectively. This is because purchasing strategy has significant influence on successful establishment of global supply chain. As it is known, in the global supply chain, there are numerous potential suppliers, so that the considered problem is very complex.
The theoretical contributions of this paper are presented as follows. In the first place, conventional assessment of suppliers is performed with respect to quality and price. Sometimes, the other influencing criteria are disregarded. The evaluation criteria are selected according to the literature review which is conducted.
Secondly, it is appropriate to use linguistic terms instead of numerical values for describing uncertainties into (1) the relative importance of each pair of criteria and (2) criteria values which exist in the considered problem. Modelling of linguistic variables is based on the fuzzy set theory. Weights vector of criteria is obtained by applying extent analysis approach. The fuzzy AHP may be considered as suitable for capturing the vagueness of human thinking style, and in the same time, it may be effectively employed for solving the issue of determining criteria weights in the supplier selection problem.
The large number of potential suppliers in global supply chain enhances the complexity of the process of supplier selection. In that manner, it is necessary before delivery of the process of selection, to deliver the process of suppliers' classification. This may be denoted as the third contribution of the paper since a new fuzzy multicriteria ABC classification of suppliers is proposed. The effectiveness of the proposed algorithm is tested using real-world data of 42 suppliers that operate in different geographical locations all over the world. The classification obtained using the algorithm is in good agreement with the judgment of the management team of the considered global supply chain.
The fourth contribution makes the ranking of the suppliers denoted as group A. The ranking is conducted by using the fuzzy ELECTRE proposed in this paper. Modification of ELECTRE may be presented as (1) determination of sets on concordance and sets of discordance [31] and (2) calculation of coefficient of discordance.
Beside abovementioned various advantages, the proposed model has some constraints. It may be seen that there is the lack of research foundation in the literature which relates to selection of criteria that are used for suppliers' selection in building and civil engineering industry. Those criteria may vary, from constrains of supplier's capacity, aggregated quality, duty taxes, and risk factors to political stability, and so forth. These extensions could undoubtedly increase the computational complexities. The second constraint relates to ABC method since it may be deployed only if is less or equal to 3. ELECTRE should be expanded with more criteria in order to determine purchasing strategy for long time and in the same time to establish partnership with supplier. This paper focuses on the complex circumstances: a large number of suppliers from different countries, multiple decision makers involved in decision process, and multiple uncertainties. The established mathematical model can help both practitioners and researchers to further utilize and deploy the purchasing strategy in global supply chain.
